6
Dual RNA-seq in AM symbiosis
We chose Cassava as the host plant because it is a plant that is known to respond strongly to AMF 122 inoculation in the field [27] . Cassava is considered a vital crop for food security that provides an 123 important source of calories in tropical countries [28] . A good quality cassava genome assembly 124 has recently been published [29] . In addition, cassava can be grown clonally which reduces within-125 cultivar genetic variation that facilitates the detection of between-cultivar variation. We also focused 126 on Rhizophagus irregularis as AMF partner, as it is the main AMF model species with publicly 127 available genome and transcriptome sequences [30] [31] [32] [33] . This fungus has been shown to promote 128 the growth of several plants [14] , including cassava [34] . We observed almost zero colonization levels of the cassava plants in the mock-inoculated 188 treatments, confirming that these treatments were not colonized by AMF (Supplementary figure   189 2a). The cassava cultivars displayed significantly different levels of AMF colonization, but 190 colonization by isolates B1 and DAOM17978 was not statistically different (Supplementary Figure   191 2a; Supplementary Table 2a ). We observed an overall effect of the plant cultivar on all the 192 quantitative trait measurements, but we did not observe an overall effect of the fungal identity on 193 the quantitative trait measurements ( Supplementary Table 2 ). Despite this, we observed that the 194 dry weight of cultivar COL2215 was significantly higher when inoculated with isolate B1 compared 195 to the mock control ( Supplementary Figure 2b ; Supplementary Table 2b ).
196
Activation of plant 'mycorrhizal toolkit' genes in presence of AMF
197
In order to test the robustness of the plant RNA-seq data, we identified 12 cassava orthologs of 198 genes that are known to be differentially transcribed in response to AMF inoculation in Medicago 199 trunculata (Supplementary note S6). As expected, this set of genes, which is part of the conserved 200 plant "mycorrhizal toolkit", was clearly differentially transcribed between the mycorrhizal and non-201 mycorrhizal treatments in all the cultivars (Figure 1 ; Supplementary Table 3 ).
202
Cassava gene transcriptional response to the identity of the fungal partner is plant genotype 203 specific 204 A large number of cassava gene transcripts were recovered from the roots, representing 69% of 205 the total predicted gene number (Figure 2a ). Of the total number of transcribed genes, 10193 206 genes (44.6%) were significantly differentially affected by plant genetic variability or the mycorrhizal 207 status of the plants, or both. We did not observe any sequencing bias among the samples, as the 208 number of different cassava gene transcripts did not differ significantly among mycorrhizal Dual RNA-seq in AM symbiosis differed significantly among the genetically different cassava cultivars but was not affected by the 212 mycorrhizal symbiosis (Figure 2a ; Supplementary Table 4a ). Only a small number of cassava 213 genes (450 genes) were influenced by the mycorrhizal treatments in a conserved way, meaning 214 that they were not differentially transcribed among cassava cultivars; with most differences 215 occurring between the mock-inoculated and mycorrhizal plants (Figure 2a ; Supplementary Table   216 4b). Only 71 cassava genes were differentially transcribed in plants inoculated with the two 217 different fungal isolates and that also showed consistent transcription patterns among all cassava 218 cultivars (Figure 2a ; Supplementary Table 4b ). In contrast we observed a strong genotype x 219 genotype interaction on gene transcription as the transcription of a surprisingly large number of 220 cassava genes (1184 genes) was significantly affected by the combination of the genetic identity of 221 both the plant and the mycorrhizal fungus (Figure 2a ; Supplementary Table 4c ). This means that 222 transcription of those cassava genes were influenced by the presence of the fungus but that the 223 magnitude of this response to the fungus differed quantitatively and in direction among the plant 224 cultivars. From this number, thirty-five cassava genes, displaying large fold changes in transcription 225 between the two fungal treatments, DAOM 197198 and B1, responded in a significantly different 226 way among the cassava cultivars (Figure 2b ; Supplementary Table 4d ). Many genes involved in 227 the response to biotic and abiotic stresses, categorized as being involved in signalling, secondary 228 metabolites, proteolysis and cell wall constituents were differentially transcribed in a different 229 direction among cultivars inoculated with the different fungal isolates ( Supplementary Figure 4a ).
230

Fungal gene transcription is strongly affected by genotypic variation in cassava 231
The 7840 recovered fungal gene transcripts represented 49% of the predicted gene number 232 ( Figure 2a ). Very few fungal transcripts were recovered from samples that were mock-inoculated 233 and read number did not influence the number of gene transcripts, showing that there was no bias (Figure 2a ; Supplementary Table 5b ). We also observed a genotype x genotype 240 interaction as a substantial number of fungal genes (560 genes, representing 31% of the 241 differentially transcribed fungal genes) were differentially transcribed between fungal isolates but in 242 a different direction or magnitude in different cassava cultivars (Figure 2a ; Supplementary Table   243 5c), showing lack of conservation in their expression. Of these 560 genes, a high number of fungal 244 genes (269 genes) showed large fold changes in transcription between the two fungi but differed 245 strongly in transcription among cassava cultivars (Figure 2c ; Supplementary Table 5d ). Genes 259 Supplementary Table 6ab ). Within the identified modules, we detected 7 cassava gene modules 260 and 10 fungal gene modules that were correlated to at least one module of the partner species 261 ( Figure 3a ; Supplementary Figure 5c ). To confirm that the modules were biologically meaningful we 262 randomly attributed genes to cassava and fungal modules and attempted to construct a new gene 263 co-transcribed network. None of these modules corresponded to significant gene ontology terms 264 and yielded no network (Supplementary Figure 6) . Thus, the observed gene co-transcribed 265 network was unlikely to have occurred by chance. We calculated the gene connectivity within the 266 modules in all genes found in modules that were correlated to a partner module and the gene's 13 Dual RNA-seq in AM symbiosis correlation to the partner module. This allowed us to detect 'key genes' within a given module (for 268 an example of correlation between 2 modules see Figure 3b ). Within all the plant and fungal 269 correlated modules, we found 120 cassava and 317 R. irregularis 'key genes' in total that were 270 highly representative of the modules and highly correlated to a counterpart partner module
271
( Supplementary Table 6cd ).
272
This approach allowed us to detect several genes with different functions that were correlated with 273 genes within the same organism and the partner organism. For example, we found 10 key genes Table 7 ). We also found that several key fungal and plant genes in the network 282 represented genes involved in the cytoskeleton and cellular organization. These genes were highly 283 positively correlated between the two organisms ( Figure 5 ; Supplementary Table 6d ).
284
Transcription of plant and fungal genes correlated with fungal colonization 285
We applied the WGCNA method to detect plant and fungal genes that were correlated with 286 quantitative traits of either fungal or plant growth. We found 3 plant and 3 fungal gene modules that 287 were correlated with quantitative traits. Within these modules, we found that two R. irregularis 288 modules and one cassava module correlated with fungal colonization ( Figure 6 ). The fungal 289 module "F_black" and "P_magenta", where correlated with fungal colonization, as well as being 290 highly co-correlated each other ( Supplementary Table 6d ). Notably, fungal chitin synthase was 291 highly correlated with plant sucrose synthase transcription. In addition, both of these genes were 14 Dual RNA-seq in AM symbiosis
Discussion
294
In this study, we evaluated plant and fungal quantitative growth responses and transcriptional 295 patterns of both partners in response to intraspecific genetic variation. The main finding of this 296 study is that contrary to what is already known about the highly conserved plant molecular 297 responses allowing colonization of roots by mycorrhizal fungi, we found a very large plant genotype 298 x fungal genotype interaction on gene transcription in both organisms, involving an unexpectedly 299 large number of plant and fungal genes. What this means is that genetic reprogramming occurred 300 in cassava roots in response to AMF, but that the magnitude and direction of the transcriptional 301 reprogramming was not conserved, differing greatly among cassava cultivars and fungal 302 genotypes (genotype x genotype interaction). In addition, the genetic variation, used as treatments 303 in this experiment, resulted in considerable quantitative differences in gene transcription levels in 304 the partner organisms that allowed us to detect genes that were highly correlated between the two 305 organisms, as well that were correlated to quantitative growth traits. Such detection of plant-AM 306 fungal gene networks has not been possible in previous studies using simpler experimental 307 designs. The ecological implications of these findings are discussed below. 
349
In this study we observed a non-conserved response of the cassava cultivars to the AMF isolates, 350 particularly in genes involved in plant defence, signalling, cell wall components and proteolysis.
351
This implies that the host plant could elicit a different strategy to the colonization by different AMF 
367
These results demonstrate that the two AMF strains could have different symbiotic strategies and 368 that these strategies could be modified in presence of a different host plant. Evidence of genotype 369 x genotype interactions on fungal quantitative traits has been already described in AMF [40, 41] . In 370 this study we confirmed, by measuring gene transcription, that genotype x genotype interactions 371 are a common feature that should be addressed to better understand the molecular interactions 372 between both partners.
Dual RNA-seq in AM symbiosis
In order to understand the molecular mechanisms of beneficial AMF-plant interactions, a more 374 extensive comparison needs to be made between plants exhibiting benefit from AMF colonization 375 with plants that do not respond, and using different plant models. The identification of a 'beneficial 376 plant mycorrhizal toolkit' would be of great agronomic and ecological interest and would represent 377 a milestone in the applied AMF research.
378
Gene co-expression networks as a tool to decipher molecular interactions in the mycorrhizal 379 symbiosis 380
The dual RNA-seq approach on AMF colonized plant roots allowed us to identify fungal and plant 381 transcripts that were co-expressed. Dual RNA-seq is an emerging approach that has allowed 382 researchers to decipher interactions between hosts and pathogens [42-45]. The WGCNA approach 383 decreases the complexity of such data sets by clustering gene transcripts and allowing the 384 identification of co-expression patterns between the two organisms, as well as to quantitative traits 385 of the organisms [46] . In this study, we only focussed on the network existing between plant and 386 AM fungal genes, which allowed us to get biological insights into the crosstalk in the mycorrhizal 387 symbiosis. Our study showed that an extensive network of co-expressed gene exists between 388 plant and AM fungal genes. We identified several 'key' plant and fungal genes related to 389 cytoskeleton formation and cell organization that were highly co-expressed within and between 390 both organisms, with a strong positive co-expression of between actin and myosin genes, and a 391 strong negative correlation between actin genes and an actin depolymerisation factor, indicating 392 that plausible biological processes could be detected with this network approach.
393
While the process of arbuscule formation inside the plant cells has been widely described [47], Manes.06G156700 MtLec5,7 Manes.12G124400 MtRAM2 Manes.01G193000 MtGlp1
Manes.04G002400 MtDxs2
Manes.12G124300 MtVapyrin Manes.08G154600 MtFlot4
Manes.16G125700 MtGST1 Manes.01G123300 MtHa1
Manes.05G053600 MtScp1
Manes.18G034100
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